The relationships between different Lagrangian strain tensors are summarized on the basis of an illustrative tensor diagram emphasizing the equivalence of the definitions of lattice deformation in the crystallographic and the Cartesian reference frames.
Introduction
Several kinds of second-rank tensors characterizing the state of lattice deformation of a solid have been defined. They are usually based on Cartesian rather than crystallographic atomic coordinates. However, in a variety of physical and crystallochemical problems it is necessary to preserve crystallographic presentation of the lattice.
The calculation of the components of the strain tensors is usually restricted to the case of small deformations and is carded out by means of explicit expressions in terms of the unit-cell parameters of the deformed and the undeformed lattices (Morimoto & Tokonami, 1969; Ohashi & Burnham, 1973; Schlenker, Gibbs & Boisen, 1978; Hazen & Finger, 1982; Catti, 1985; Chanh et al., 1988) . From a computational point of view, the use of implicit expressions in terms of orthogonatization matrices and metric tensors is more straightforward, and allows one easily to calculate both the linear and the finite strain tensors and to carry out complete error analysis.
This indicates once more the necessity to elucidate and summarize the relationships between the different strain tensors in the crystallographic and the Cartesian reference frames.
Theory
Let us consider a crystal lattice L with covariant basis vectors a = (al, a2, a3) and unit-cell parameters
(a,b,c,a,~,~).
Let us consider further homogeneous deformation under which the initial lattice L transforms to another lattice L' with covariant basis vectors a'= (a~, a~, a~) and unit-cell parameters (a', b', c', a', fl', 3/). The matrix of the affine transformation can be expressed by the strain tensor S (Ohashi & Burnham, 1973) :
where I is the unit matrix. Evidently the tensor S is a mixed contracovariant tensor [Ohashi & Burnham (1973) used the transpose matrix of S]. Let O and O' be the orthogonalization matrices which transform L and L' into a fixed Cartesian reference frame with basis vector set e:
Comparison of (1) and (2) produces the following matrix 0108-7673/90/070627-02503.00
representation for S in the crystallographic reference frame:
In the case of homogeneous deformation the contravariant lattice coordinates remain unchanged (Born & Huang, 1954) . The Cartesian coordinates of a general point before (X) and after (X') the deformation, however, are connected by the general strain tensor ~ (Murnaghan, 1951; Nye, 1957 ):
x'=(I+~)x which may contain both deformation and rigid rotation of the lattice L. Taking into account the invariance of the contravariant coordinates with respect to lattice deformation, it can be shown that (Catti, 1985) ~= O'-~O-I.
The change in the distance between two arbitrary lattice points caused by homogeneous deformation can be expressed in the crystallographic reference frame by the finite Lagrangian strain tensor D (Sedov, 1983; Catti, 1985; Chanh et al., 1988; Catti, 1989) : 
If the deformation is small we obtain the linear Lagrangian strain tensor in the crystallographic reference frame:
It can be seen that the strain tensors D and d are related to the covariant tensor gS by a symmetrization operation. Therefore, we can interpret the gS tensor as the affine analogue of :the general Cartesian tensor l~:
since substituting (3) in (7) and taking into account orgo = I, we validate independently formula (4). Furthermore, we can obtain from above the well known definitions for the symmetric Cartesian tensors of linear and finite deformations. Let us denote for this purpose the strain tensors D and d in the Cartesian reference frame by ~1 and e:
.q = OrDO 
~1 =½(orgso+orsrgO+orsrg SO)"
From (7) it is seen that (8) and (9) can be written in the conventional form (Murnaghan, 1951; Nye, 1957) :
Finally, expressing lj in these equations by (4), it can be shown that (Schlenker, Gibbs & Boisen, 1978; Catti, 1985) = 
Concluding remarks
We can express all these matrix relations in the following tensor diagram which illustrates the one-to-one correspondence between the tensors gS, D and d in the crystallographic reference frame and the tensors ~j, -q and e in the Cartesian reference frame: Therefore, mathematically we can visualize the homogeneous lattice deformation as a transformation of the basis vectors in the crystallographic reference frame or as a transformation of the atomic coordinates in the Cartesian reference frame.
